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INTRODUCTION 

The Jackson Dome lies directly below Jackson, Missis
sippi, and is cored by a Late Cretaceous plutonic and volcanic 
igneous complex (Harrelson. 1981; McKibben , 1988; 
Saunders and Harrelson, 199 1). The igneous rocks of the 
Jackson Dome were intruded through Lower Cretaceous 
formations that currently contain metal-rich hypersaline Na
Ca-Cl formation waters. Igneous rocks have generally 
experienced extensive hydrothermal alteration (Monroe and 
Toler, 1937; Saunders, 1991), which Saunders ( 199 1) inter
preted to be the result of water-rock reactions involving 
formation brines and the cooling intrusions. This interpreta
tion was based on alteration mineralogy, geologic relation
ships, trace clement geochemistry, flu id inclusion analyses, 
and light-stable isotope data. In addition, Saunders (1991) 
documented the presence of Cu-Pb-Zn sulfides in hydrother
mal vein lets within the altered igneous rocks, and proposed 
that the meUlls were largely contributed by brines as well. If 
thcseconcl us ions are correct. then it suggests that the Jackson 
Dome, and other buried igneous intrusions of the Gulf Coast 
region, could host significant metallic mineral deposits. 
Previously, bas in brines have been invoked as the source of 
subeconomic concentrations of lead and zinc (e.g., Kyle and 
Price, 1986) and strontium (Saunders, 1988; Saunders e t at. , 
1988) within salt dome caprocks in the Gulf Coast. 

This study was des igned to test the possibility that basin 
brines were the nuids that altered the igneous rocks of the 
Jackson Dome by us ing the new computer program 
SOLMINEQ.88. which has thecapabilityofmodcling water
rock reactions at relatively high temperature and pressure 
(Kharaka et a t., 1988). Results add further support to the idea 
that basin brines were the altering fluid, and by inference, 
were the source of the hydrothermal metallic mineralization. 

GEOLOGIC SETTING 

The reefal Gas Rock on the Jackson Dome has been the 
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site of significant natural gas and minor crude oil production 
since the 1930's, and more than 200 wells have been drilled 
into the structure. Cuttings and a limited amount of core were 
available for study from six wells that penetrated igneous 
rocks of the Jackson Dome. Igneous rocks encountered 
comprise stocks, sills, and possibly laccoliths (Saunders and 
Harrelson, 199 1), with only one well intersecting the main 
intrusive body. The Jackson Dome was a positive topo
graphic feature during the Cretaceous and probably was a 
volcanic island for a considerable length of time (Harrelson, 
1981; McKibben, 1988). However, what has been preserved 
by deposition of younger sediments appears to consist main I y 
of subvolcanic intrusions (Saunders and Harrelson, 1991). 
K-Aragedatingon whole-rock samples and biotite separates 
indicates an age of 79-69 million years for shallow igneous 
activity of the Jackson Dome (Saunders and Harrelson, 
1991). 

The igneous rocks fall into two general types: I) phono
lites, and 2) mafic alkalic rocks (Saunders and Harrelson, 
1991). Phonolite of the Jackson Dome typically consists of 
phenocrysts of sanidine and nepheline in a fine-grained 
groundmass of similar composition. Mafic alkalic rocks 
contain variable amounts of nepheline, clinopyroxene 
(aegerine, aegerine-augite, or titanaugite), biotite (phlogo
pite) , magnetite, garnet, and sphene. The laucrrocks are best 
classified as ijolite, melteigitc, ncphclinite, andjacupirangitc 
based on their relative mineral abundances. Whole-rock 
chemical analyses indicate that the rocks arc nepheline
normative, arc s ilica defic ient, with Si0

2 
as low as 26.7 wt. 

%, are enriched in titanium (Ti0
2 
as high as 8%) and alkalis, 

with Na_,O+KP typically exceeding 14%. Igneous rocks of 
the Jackson Dome are mineralogically and geochemically 
very similar to the Cretaceous Magnet Cove carbonatitc 
complex of central Arkansas, leading Saunders and Harrelson 
( 1991) to propose that me Jackson Dome may be a carbonatite 
complex as well. 

Intense hydrothermal alteration resulted in s ignificant 
mineralogic and chemical changes in the primary igneous 

MISSISSIPPI GEOLOGY, V. 13, No. 1, MARCH 1992 



TABLE 1. 

SUMMARY OF ALTERATION AND VEIN MINERALOGY 

Primary Mineral .... alters to ..... Typical Alteration Minerals 

tit.anangite, aegerine-augite 
alkali feldspar 
nepheline 

chlorite, carbonate, smecti te, anatase 
carbonate, analcite, sericite, smectite 
carbonate, analcite 

sphene {titanite) 
titaniferrous magnetite 
phlogopite (±biotite) 
apatite 

calcite, anatase, sulfides 
pyrite, hematite, goethite, anatase 
generally not a ltered 
not altered 

Vein Minerals Abundance 

calcite major 
dolomite major 
pyrite major 
albite common 
siderite common 
quartz common 
adularia common 
base-metal sulfides common 
epidote rare 
anatase rare 

rocks (Saunders, 1991). Clinopyroxenes, garnet, sphene, 
alkali feldspars, and feldspathoids typically have been re
placed by the secondary minerals calcite, dolomite, chlorite, 
smectite, analcite, anatase, and pyrite, whereas primary 
phlogopite, biotite, and apatite were largely unaffected by 
alteration (Table 1). Whole rock analyses indicate thatCaO, 
C0

2
, and Hp increased as a consequence of alteration, 

whereas Nap+KP and possibly MgO decreased relative to 
unaltered samples. In addition, veinlets up to 1 em wide 
containing hydrothermal minerals are present in altered 
samples and consistoftwo types: 1) calcite, pyrite ±dolomite 
±siderite ±albite ±adularia ±epidote; and 2) quar12, adularia, 
pyrite ±siderite (Table 1 ). Adularia, the hydrothermal potas
sium feldspar, is a common alteration phase in volcanic 
geothermal environment<; and a common mineral in volca
nic-hosted epithermal gold deposits (e.g., Saunders, 1990). 
In addition, sphalerite (ZnS), chalcopyrite (CuFeS1). galena 
(PbS), and bornite (Cnf"eSJ are minor constituents in vein
lets, or arc present as disseminations in altered samples 
(Saunders, 1991). 
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DiSCUSSION AND GEOCHEMICAL MODELING 

Present day oi l field brines from Lower Cretaceous 
formations in central Mississippi are typically hypersaline, 
with total dissolved solids (TDS) greater than 200,000 mg/1, 
and locally contain >lOOmg/1 Pb+Zn (Carpenter eta!., 1974; 
Kharaka et al., 1987; Saunders and Swann, 1 990). Because 
of their composition, Mississippi oil field brines have been 
widely cited as possible analogs to the ore-forming solutions 
that formed Mississippi Valley-type lead and zinc deposits 
throughout them id-continent region of North America (e.g., 
Sverjensky, 1984). The exact time at which these brines 
attained their elevated metal contents is not known precisely, 
but probably they had done so by the time the igneous rocks 
of the Jackson Dome were intruded. For example, Nunn and 
Sassen (I 986) have modeled thermal aspects of the develop
ing Mississippi Salt Dome Basin using sedimentation rates, 
and have calculated that the base of the Cretaceous section 
reached a temperature of IOOOC at about 100 million years 
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TABLE2. 

CHEMICAL ANALYSIS OF BRINE SAMPLE 84-MS-1 11
, REEDY CREEK FIELD, MISSISSIPPI 

Na 61 ,700 
K 990 
Mg 3,050 
Ca 48,600 
Sr 1,920 
Ba 60 
Si0

2 27.8 
Cl 198,000 
Br 2,020 
so. 64 
TDS 316,000 
pH 4.93 

1Data from Kharaka et al. (1987) 

Note: All values for dissolved species are reported in mg/1. 

ago. This temperature approximates the temperature of 
present-day brines in Cretaceous formations within the basin 
(maximum= 1300C). Because increased metal content gen
erally correlates with higher temperatures and salinities in 
present-day brines (Carpenter et al., 1974; Kharaka et aJ., 
1987; Saunders and Swann, 1990), it seems reasonable to 
assume that Cretaceous formation waters would have at
tained significan t metal contents by 100 million years ago. 
Therefore, igneous rocks of the Jackson Dome with a maxi
mum ageofabout 80 million years would have been intruded 
at least 20 million years after the Lower Cretaceous forma
tions attained elevated temperatures and presumably metal 
contents. 

The computer program SOLMINEQ.88 (Kharaka et a!., 
I 988) was used to model some possible water-rock reaction 
paths during hydrothermal alteration at the Jackson Dome. 
SOLMINEQ.88 is an equilibrium solution model that has an 
extensive thermodynamic base with the capacity to extrapo
late this data to temperatures up to 3500C and J kilobar 
pressure. A series of mass balance equations are solved by 
an iterative procedure, which allows the user to both charac
terize a solution at a particular temperature and pressure, and 
to model water-rock reactions. For example, when a water 
analysis is input, the concentration and activi ty of d issolved 
species (including ion pairs and complexes) is calculated at 
the desired temperature, and saturation indices (SI's) are 
calculated for a seiies of minerals. The SI, which is the log 
of the ion activity product divided by the solubility constant 
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Fe 
Mn 
Pb 
Zn 
AI 
Cd 
Cu 

465 
2 12 
20 
243 
0.37 
0.99 
0.021 

for a given mineral at a particular temperature {SI=log IAP/ 
K ), indicates whether it is theoretically possible for a 
solution to precipitate (SI>O) or dissolve a mineral {Sl<O). 
SOLMINEQ.88 can also be used to model the change in 
solution chemistry brought on by changes in the solution 
temperature or pressure, mixing of additional solutions, 
addition or loss of gasses, or by dissolving or precipitating a 
specified mineral (Kharaka eta!., 1988). 

Initially, SOLMINEQ.88 was used to calculate the 
saturation states of some selected minerals for the Kharaka et 
aJ. (1987) sample 84-MS-11 using their estimated reservoir 
pH of 4.93. Sample 84-MS-1 1 (Table 2) is representative of 
metal-rich oil field brines in central Mississippi; it is from the 
Rodessa Formation in the Reedy Creek oil field, and has a 
TDS of 316,000 mg/1 and> 300 mg/1 Pb+Zn (Kharaka et aJ., 
1987). Under reservoir conditions, this solution is saturated 
with respect to adularia, albite, analcite, clays, quartz, and 
dolomite, and slightly undersaturated with respect to calcite 
{Table 3). If magmas or cooling intrusions of the Jackson 
Dome penetrated the formations containing this or similar 
brines, two principal physicochemical consequences would 
have occurred: the brine would have been heated and would 
have equilibrated with aquifer minerals at the elevated 
temperature. A temperature of 250"C, which corresponds to 
observed fluid inclusion homogenization temperatures in 
hydrothermal minerals (Saunders, in prep.) and probably 
represents a minimum value for a magma-heated solution in 
close proximity to the dome, was chosen to model the 
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TABLE3. 

SATURATION STATES OF SELECTED MINERALS IN A REPRESENTATIVE MISSISSIPPI OIL FIELD BRINE AT 
ELEVA TED TEMPERATURES 

Reservoir Cond. Heat to 250"C Equil. w/ K-smect. Equil. w/ Ca-smect. 
Mineral T=1020C, pH=4.93 pH=4.62 T=250"C, pH=5.76 T=2500C, pH=5.60 

Adularia 0.35 -8.16 0.61 -0.10 
AI bile 1.51 -6.33 2.42 1.73 
Analcite 1.72 -5.07 2.38 1.79 
Anhydrite -0.66 0.02 0.02 0.02 
Calcite -0.20 -1.08 0.40 0.22 
Celestite -0.83 -0.04 -0.10 -0.10 
Chlorite -5.74 -5.03 17.67 15.32 
Dolomite 0.83 1.23 3.82 4.16 
mite 3.93 -13.19 1.19 0.10 
Kaolinite 2.61 -8.74 1.31 0.62 
Nepheline -1.06 -5.83 0.35 -0.16 
Phlogopite -0.84 -1.37 14.21 12.57 
Quartz 0.16 -0.99 0.30 0.20 
Ca-smectite 3.63 -12.84 0.99 0.00 
K-smecti te 3.02 -13.84 0.00 -1.00 

Note: Modeling based on analysis 84-MS-1 1 of Kharaka et aJ. (1987). Values reported are Saturation Indices (SI), where Sl= 
log (IAP/K.); lAP= ion activity product, K"' =solubility product at the specified temperature. Positive values of SI indicate 
supersaturation, whereas negative values indicate undersaturation. 

solution chemical evolution (Table 3). Upon heating, the pH 
drops to 4.62 due to the increased dissociation of water, and 
of the minerals considered, only dolomite and anhydrite are 
saturated. This solution was then used to equilibrate with 
possible formation minerals. For example, allowing the 
heated solution to equilibrate with potassium or calcium 
smectites causes the solution to become generally saturated 
with respect to quartz, albite, adularia, analcite, dolomite, 
calcite, illite, kaolinite, chlorile, and phlogopite (Table 3). 
Equilibration with illite (not shown in Table 3) yields results 
similar to the smectites, and equilibration with quartz or 
calcite after equilibration with one of the clays causes only 
minor shifts in the saturation states for the minerals listed. 

Although this modeling is very simplistic, it docs allow 
a qualitative evaluation of possible chemical trends expected 
as a consequence of heating a typical central Mississippi 
basin brine within the host formation. Interaction of the 
heated brine with the igneous rocks would add additional 
uncertainties to the modeling, and so it was not attempted. 
However, there is a reasonably good correlation between 
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hydrothermal alteration and vein minerals observed in the 
Jackson Dome (Table 1) and the minerals that are apparently 
saturated in the heated brine (Table 3). In addition, the large 
positive SI for phJogopite (SI> 12) after the solution was 
equilibrated with the smectitcs is consistent with the fact that 
phlogopite remained unaffected by hydrothermal alteration. 
No attempt wasmadctoquantitatively model sulfide mineral 
solubilities because of the uncertainties involving the re
duced sulfur content of the brine. Kharaka ct al. (1987) 
suggested that galena and sphalerite control the solubility of 
Pb and Zn, and if they were present in the aquifers, would lead 
to even greater metal solubilities at the higher temperature 
used in the modeling. Additionofigneoussourcesofreduced 
sulfur to the heated brine would lead to sulfide precipitation 
in a manner similar to that outlined by Kharaka et al. ( 1987) 
for brine mixing under reservoir conditions. Sulfur isotope 
data from sulfides from the Jackson Dome (Saunders, in 
prep.) indicate that magmatic sources of sulfur caused hydro
thermal sulfides to precipitate from the metal-rich, but 
sulfide deficient, altering and mineralizing fluids. 
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CONCLUSIONS 

Chemical modeling using the computer program 
SOLMINEQ.88 indicates that the hydrothermal and alter
ation minerals, including dolomite, calcite, chlorite, anal
cite, quartz, albite, and aduJaria, are supersaturated in a 
representative Mississippi oil field brine at 2500<: after 
equilibration with commonaquifermineraJs. In addition, the 
primary igneous mineral phlogopite is also supersaturated in 
the chemical modeling, which is consistent with the lack of 
hydrothermal alteration it exhibits. Results of the chemical 
modeling support previous conclusions based on other lines 
of evidence that indicate: 

I) Late Cretaceous igneous rocks were intruded through 
Lower Cretaceous formations containing metal-rich forma
tion waters; 
2) Large thermal gradients initiated the development of a 
convective hydrothermal circulation system that caused 
formation brines to move into the cooling igneous rocks, 
resulting in hydrothermal alteration and mineralization; 
3) Metals from the formation brines were deposited as sulfide 
minerals in hydrothermal vein lets and disseminations as they 
encountered magmatic sources of reduced sulfur. 
The available data indicate that conditions were favorable for 
the deposition of significant quantities of metals in the 
Jackson Dome during the Cretaceous. The burial of the 
igneous rocks of the Jackson Dome by at least 900 m of 
sediments probably precludes exploration and exploitation 
of this possible resource based on the present day economic 
considerations. However, results from the Jackson Dome 
indicate that other more shallow intrusions in the Gulf Coast 
may have some economic potential, as might other intrusions 
in other sedimentary basins. 
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DID YOU KNOW-
it takes more than 34 

elements and minerals to 
make a computer? 

Those vital computer ingredients consist of: alumi
num, antimony, barite, beryllium, cobalt, columbium, cop
per, gallium, germanium, gold, indium, iron, lanthanides, 
lithium, manganese, mercury, mica, molybdenum, nickel, 
platinum, quartz crystals, rhenium, selenium , silicon, silver, 

strontium, tantalum , te llurium, Lin, tungsten, vanadium, yt
trium, zinc, and zirconium. 

And, we can' t forget the petroleum industry's role 
in the computer. All the components noted above are housed 
in plastic! 

source: Mineral Informat ion Institute 
Denver, Colorado 
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